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Description 

RACraROlIND OF THE INVENTION 

5 

Compounds of structure (I) are known and known to have HMG-CoA reductase inhibitory properties. 



10 
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20 




(I> 

25 They are the natural fermentation products mevinolin (R^CHb, U.S. Pat No. 4,231,938) and compactin 
(R«=H, U.S. Pat. No. 3,983,140) and derivatives thereof ait with the natural 2-methylbutyrate side chain. 
Compounds of structure (II) with the 2,2 dimethyibutyrate side chain and R-CHs are known to be more 
active inhibitors of HMG-CoA reductase than their 2-methylbutyrate analogs. 
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(II) 

Some compounds of structure (I!) and processes for their preparation are disclosed in U.S. Patent 
4,444,784 and EPO published application 33538. However the process disclosed therein Involves 4 
distinct chemical steps: (1) de-esterification of the 2-methyfbutyrate side chain; (2) protection of the 4* 
hydroxy of the pyranone ring; (3) re-esterification to form the desired 2,2 dimethyibutyrate; and (4) de- 
protection of the 4-hydroxy group. This route was lengthy and gave low overall yields. 

U.S. Patent No. 4,582,915 ("915") disclosed a novel route to the dimethyibutyrate side chain via direct 
alkylation of the a-carbon of the naturally available methylbutyrate side chain using a metal alky! amide 
and a methyl halide- However this process has been found to have certain disadvantages in the commer- 
cial manufacture of a pharmaceutical. In order to obtain a high conversion of starting material, it was 
necessary to use a repeat addition of the amide base and methyl halide. This of course exacts a yield 
penalty and Is time-consuming. Furthermore a selective hydrolysis is still necessary to reduce the level 
of unmethylated starting material to less than 0.7%. This step is time consuming since the hydrolysis of 
unconverted starting material is very slow and normally requires 20 hours. The overall yield for this 
process is moderate where the starting material is mevinolin. In addition to unconverted starting material 
a number of other impurities are generated during the methylatton and hydrolysis steps. These include, 
when the starting material is mevinolin, des-butyratemevinolin and bis-methylated compounds wherein 
the alpha lactone carbon is methylated in addition to that on the 8'-C-ester side chain, and a methyl ether 
wherein the ring oxygen of the lactone now in the open form has been methylated. The purity of the final 
product isolated from the overall process is close to borderline for use as a human health-care product. 
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A process having a less pronounced impurity spectrum would ensure (ess chance of batch-to-batch 
variations causing problems in obtaining acceptable fina! drug purity without resorting to wasteful re- 
peated recrystallizations. 

5 SUMMARY OF INVENTION 

This invention is a novel process, for alkylating the a-position of an acyl moiety, which may be depict- 
ed as: 
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In particular the process can be used to methylate mevinolin to produce a product which is a more re- 
active inhibitor of HMG-CoA reductase than mevinolin itself. The reaction proceeds using only a single 
45 charge of base and methyl haiide to form product in a pharmaceutically acceptable purity. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a novel process for alkylating the alpha carbon of the 8'-C-ester side 
50 chain of mevinolin and analogs thereof with only a single charge of base and alky! haiide to form a prod- 
uct in substantially higher yield and most Importantly at a higher state of purity than a similar product by 
the "91 5" route. 

The process of the instant invention may be represented by the sequence: 
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CQNHR* 



^ <5>aq.HF 




(6)NaOH 
<?)100°C 




(V) 



<VI> 



wherein 

Riis Ct-5 alkyl; 

R2 is selected from the group consisting of H, CH3, OH or CH 2 OH; 
R3 is H or C|~3 alkyl; 
FU is C3-5 alkyl; 

R' 2 is identical to R 2 except that where R2 is OH or CH 2 OH, R' 2 is OSi(Me) 2 t-C4H 9 or CH 2 OSi(Me) 2 t- 
C4H9; 

Rs is C1-3 alkyl; 

R6 and R7 are independently 

0) C1-3 alkyl, or 

(ii) Re and R7 joined together with the nitrogen to which they are attached form a 5 or 6 membered hete- 
rocycle such as pyrrolidine or piperidlne; 

Re is selected from the group consisting of H, OH. or CH 2 OH; provided that at least one of R 2 or 
RaisH; 

R'e is identical to Re except that where Rs is OH or CH 2 OH, R'e is OSt(Me) 2 t-C4H9 or 

CH 2 OSi(Me) 2 tC 4 H<>; 

X is chloro. bromo or iodo; 

M+ is a cation derived from lithium, sodium or potassium; and 

% b and c each represent single bonds or one of a,b and c represents a double bond or both a and c rep- 
resent double bonds. Except where specifically defined to the contrary, the term alkyl includes both the 
straight-chain and branched chain species of the term. 

One embodiment of the present invention is the preparation of compounds of structure (V) wherein R1 
is ethyl, Ra is methyl and R5 is methyl. 

In a class of this embodiment are those compounds wherein R' 2 is H, CH3 or CH 2 OSI(Me) 2 tC4Hg. In 
one subclass are those compounds wherein a and c both represent double bonds. Exemplifying this sub- 
class are the compounds wherein: 
Rj o ethyl, R3 - methyl, R4 = n-butyl, R5 = methyl and 
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a. R' 2 = CH3 and R's « H; or 

b. R'2 - CH 2 OSi(Me) 2 tC4H9 and R'e - H; or 
a R'2 = H and R's « CH20Si(Me)2tC 4 H 9 . 

5 In a second subclass are those compounds wherein a, b and c are all single bonds. Exemplifying this 
subclass are the compounds wherein: 
Ri « ethyl, R3 « methyl, FU = n-butyi, R5 = methyl, and 

a. R'2 «= CH3 and R's - H; or 

b. R'2 - CH20Si(Me) 2 tC4H9 and R'a Is H; or 
10 c. R'2 is H and R' 8 - CH 2 OSI(Me)2tC 4 H9. 

A second embodiment of the present invention is the preparation of compounds of structure (V!) 
wherein R1 is ethyl, R3 is methyl and R5 is methyl. 

In a class of this embodiment are those compounds wherein R2 is CH3 or CH2OH. In one subclass are 
15 those compounds wherein a and £ both represent double bonds. Exemplifying this subclass are the com- 
pounds: 

(1 ) 6R-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S),6(R)-dimethyl-1 ,2,6, 7,8,8a(R)-hexahydronaphthyl- 
^SJlethylJ-AtRJ-hydroxy-S^.S^tetrahydro^H-pyran^-one; 
20 (2) 6R-{2-[8(S)-(2,2-dimethylbutyrylo^ 

naphthyi-1(S)]ethyf|-4(R)-hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one. 

In a second subclass are those compounds wherein a., b and c are all single bonds. Exemplifying this 
subclass are the compounds: 

25 

(1) 6(RH2-[8(SH2,2K*imemylbutyrylo^ 

1 ^.S^^aCSJ.S^^B.eatSJ-decahydronaphthyl-l (SJJethyO^fRJ-hydroxy-S^.S^-tetrahydro^H- 
pyran-2-one; 

(2) 6R-[2-[8(SH2,2Hdlmethyibirtyry1oxy)-2^^ 

30 5,6,7,8, 8a(S)-decahydronaphthyl-1 (S)]ethyl]-4(R)-hydroxy-3,4, 5 f 6-tetrahydro-2H-pyran-2-one. 

The novel process of the instant invention comprises selective C-alkylation at the a-position of the 
8* -acyl side chain of the polyhydronaphthyl moiety of structure (HI). The Oalkytatton occurs in the 
presence of the p-hydroxy-valerolactone masked as a aJkylamkJe-bisftert^ut^cUmethylsilyl) ether. 

35 Good yields are obtained with a single charge of base and alkyl halide. After C-alkylation the alkyiamide 
is cleanly converted to the valerolactone without affecting the C-afkylated acyl side chain. The entire 
process of protection, C-alkylation and removal of protecting groups is earned out in a single vessel. 

The starting lactone is converted into an amide by reaction with an alkylamine, preferably n- 
butylamine, under an inert atmosphere such as nitrogen. The hydroxyl groups are protected with tert- 

40 butyldimethytsByl chloride or a tike reagent, and a base such as Imidazole. 

The alkali metal amide is formed by combining a hydrocarbon solution of a n-butyl-alkaii metal, wherein 
the alkali metal is lithium, sodium, or potassium, preferably lithium, with a dried solution of R6R7NH where- 
in R6R7NH is diethytamine, dimethylamine, diisopropylamine or pyrrolidne, preferably pyrollidine in an 
ethereal solvent such as tetrahydrofuran, diethyl ether, 1,2 dimethoxyethane preferably tetrahydro- 

45 furan at a temperature of about -20°C. 

The solution of hydroxyl-protected alkyl amide previously formed is cooled to about -35°C, and the so- 
lution of alkali metal amide added at such a rate so as to maintain the temperature below -30°C. The solu- 
tion is aged at about -35 P C for approximately 2 hours. A dried alkyl halide, preferably methyl chloride, 
methyl bromide or methyl iodide, most preferably methyl iodide, is added to the mixture in one portion. The 

50 mixture is recooled to about -30°C for approximately 1 hour after the alkyl halide addition, then it is 
warmed to about -10°C over a period of about 20 minutes, and aged for approximately 20 minutes at 
about -10°C. The reaction mixture is quenched with an excess of water, and extracted with a hydrocarbon 
solvent such as cyclohexane or the like. 

The tert-butykfimethylsilyl protecting groups are removed by treatment with an acid such as aqueous 

55 hydrofluoric acid. Aqueous sodium hydroxide is added to bring the solution pH to exactly 6.5 while not al- 
lowing the temperature to rise above 10*C. 

The above solution is charged with 2.0 N NaOH and brought to reflux for 1 to 6 hours, preferably 3 
hours. The mixture Is cooled to 25°C, diluted with water and the solvent distilled under vacuum. The mix- 
ture is cooled to about 10°C and carefully acidified with 3.0 N HCI to pH 7.0. Ethyl acetate is added and 

60 the layers separated. The ethyl acetate layer is washed with water. Methanol is added and the mixture 
warmed to about 20°C as aqueous NH3 is added to crystallize out the NH4 sah of the lactone over a peri- 
od of about 15 minutes. Once crystallization is underway the mixture is warmed to 35 to 60°C for 5 to 60 
minutes preferably 45°C for 15 minutes and then cooled to +10 to-20°C for 0.5 to 12 hours, preferably - 
10°C for 2.5 hours. The ammonium salt is washed with ethyl acetate/ methanol and dried In vacuo with a ni- 

65 trogen purge. 
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The crude^ ammonium salt is suspended in a hydrocarbon solvent such as toluene and heated at 90 to 
110°C for 2 to 12 hours, preferably 100°C for 3.5 hours, under a purge of nitrogen. The mixture is cooled 
to 25°C filtered and the filtrate concentrated in vacuo maintaining the internal temperature below 40°C. 
A hydrocarbon solvent such as cyciohexane Is added and the mixture heated at reflux for 0.1 to 1 hour, 
5 preferably 0.25 hour then cooled for 1 to 12 hours at 25 to 10*0, preferably 2 hours at 10-15°C. The prod- 
uct lactone Is filtered and washed with a cold hydrocarbon solvent such as cyciohexane, then dried in 
vacuo to give a product of high purity. 

The above obtained product Is recrystalGzed from aqueous methanol to yield a product of pharmaceu- 
tically acceptable purity as determined by HPLC, 
10 The starting material Lovastatin, wherein Ri = ethyl, Ra = CH3, Rs « CH3 and & and c are double bonds, 
is readily available or may be prepared according to the fermentation procedures disclosed in U.S. Pat- 
ent 4,231,938. Hydrogenation derivatives of Lovastatin are prepared following the procedures outlined 
in U.S. Patent 4,444,784. The starting material compactin wherein Hz « ethyl, R 2 « H and R3 CH3 and a 
and c are double bonds is prepared according to the fermentation procedure outlined in U.S. Patent 
15 4,231,938. Starting materials wherein R2~= CH2OH are prepared following the procedure outlined In co- 
pending U.S. Patent application S.N. 048136, filed May 15, 1987. Those compounds wherein R 2 or Rs Is 
OH are prepared following the procedures in U.S. Patents 4,537,859 and 4,517,373. 

The following Examples illustrate the present invention and as such are not to be considered as limiting 
the invention set forth in the claims appended hereto. 



(1a) 3,5-bis(tert-butyldimethyIsilyO Lovastatinbutylamide (A compound of formula (IV) wherein Ri - ethyl, 
R'2 - methyl, R 3 «= methyl, R4 = n-butyl, R's •* H and a and q are double bonds.) (All manipulations are car- 
ried out under a nitrogen atmosphere). 

30 Lovastatin (53.0 g, 0.128 mol) was dissolved in n-butylamine (210 mL, 2.12 mo!) at 25*C and heated to a 
gentle reflux at 80*C. After 1 hour, the solution was cooled to 25*C. the pressure reduced to 120 mm/Hg 
and the butyiamine distilled at a bath temperature of 60°C. The concentrated solution was cooled to 25°C 
and dimethylformamide (263 mL, sieve-dried, K.F. = 43) was charged (pot volume « 373 mL). The pres- 
sure was again reduced to 120 mm/Hg and the mixture heated at 1 10°C (bath temperature) for 45 minutes, 

35 while collecting 1 7 mL of distillate. The mixture was then cooled to 25°C and imidazole (1 9.59 g ( 0.288 mol) 
and then tert-butyldimethylsilyl chloride (44.4 g, 0.288 mol) were added. The mixture was then heated at 
60°C for 8-14 hours until the silylation had gone to completion. The mixture was cooled to 12°C, and anhy- 
drous methanol (5.8 mL, 0.143 mol) added and the mixture aged at 10-15°C for 0.5 hour. The mixture was 
then partitioned with cyciohexane (1.5 0 and distilled water (750 mL) and vigorously agitated. The layers 

40 were separated and the upper (cyciohexane) layer washed with saturated aqueous sodium bicarbonate 
(750 mL) and distilled water (750 mL). 

The cyciohexane layer was distilled at ambient pressure. After 1320 mL of distillate was collected (pot 
volume = 580 mL), the solution was diluted with sieve-dried THF (600 mL) and then 1 1 0 mL of distillate was 
collected while distilling the mixture at ambient pressure. The solution was then cooled to 25*0 for use in 

45 the next step. 

(1b) 3,5-bis(tert-butyldimethylsnyO-Synvinolin-butylamide (A compound of formula (V) wherein Ri - ethyl, 
R' 2 - methyl, R3 - methyl, R4 - n-butyl, R's « H and a and q are double bonds.) 

50 A solution of sieve dried pyrrolidine (25.13 mL) and sieve dried THF (192 mL) was cooled to -18°C. A 
solution of n-butylllthium in hexane (1.65 M, 182.5 mL, 0.301 mol) was added at such a rate as to keep the 
temperature below -10°C (approx. 15 minutes). After the addition was complete, the mixture was aged at - 
20°C for 15 minutes. 

The solution of 3,5-bis(tert-butyIdimethyIsily!)Lovastatin butylamide in THF/cycJohexane was cooled 
55 to -35°C. The solution of lithium pyrrolidide at -20°C was then added to the rapidly agitated mixture at 
such a rate as to maintain the temperature below -30°C at all times during the addition. The solution was 
then aged at -35°C for 2 hours. Sieve dried methyl Iodide was added (12.2 mL, 0.196 mol) to the mixture in 
one portion. The mixture was then recooled to -30°C and aged for 1 hour after the methyl iodide addition, 
then it was warmed to -10°C over a period of 23 minutes and aged for 20 minutes at -10°C. 
60 The mixture was quenched with water (550 mL) and rapidly agitated for 10 minutes. The phases were 
separated and the lower (aqueous) phase was reextracted with cyciohexane (465 mL). The combined or- 
ganic phase was washed with 1 N HCI (500 ML) and 10% aqueous sodium bisulfite (NaHSOa, 500 mL). The 
combined organic phase was concentrated at 120 mm/Hg to a volume of 300 mL. This concentrated solu- 
tion was used directly in the next step. 
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(ic) Synvinolin-butvlamide 

The concentrated solution from the previous step was diluted with acetonitrile (600 mL) and the mixture 
again concentrated at 120 mm/Hg to a volume of 300 mL The mixture was cooled to 25°C and acetonitrile 

5 (300 mL) was charged- The resulting solution was cooled to +7°C. Hydrofluoric acid (79 mL, 50% aque- 
ous solution) was charged. The mixture was then warmed to 25°C over a period of 1 hour. The mixture was 
aged at 25° for 1.5 hour, then cooled to +5°C. Aqueous sodium hydroxide (NaOH, 3N) was added care- 
fully to the rapidly agitated mixture to bring the pH of the solution to exactly 6.5. At no time during the 
caustic addition was the temperature allowed to rise above +10°C. The layers were separated, and the 

10 lower (aqueous) phase was back extracted with 788 mL of (THF/cyclohexane) solution (563 mL THF/225 
mL cyctohexane). The THF/cyclohexane extract was combined with the Initial acetonitrile layer and the 
combined extracts were concentrated at 120 mm/Hg to a volume of 290 mL Ethanot (anhydrous, 1000 mL) 
was charged and the volume was reduced to 788 mL by distillation at 120 mm/Hg. This solution was used 
directly in the next step. 

15 

Md) Ammonium salt of Synvinoltn 

To the ethano! solution of Synvinolin-butylamide from the previous step at 25°C was charged, 2N sodi- 
um hydroxide (NaOH, 164 mL) and the resulting solution brought to a gentle reflux (81 °C). After 3 hours 

20 the mixture was cooled to 25°C and diluted with 789 mL of distilled water. The pressure was reduced to 
120 mm/Hg and ethano! was distilled. The pot volume was reduced to 788 mL as 840 mL of distillate was 
collected. The mixture was cooled to +11 °C and carefully acidified with 3.0 N HCI to pH -7.0. Ethyl ace- 
tate (925 mL) was added and the aqueous phase further acidified to pH «= 2.5. The mixture was rapidly agi- 
tated for 5-10 minutes and the layers were separated. The lower (aqueous) phase was reextracted with 

25 ethyl acetate (463 mL) and combined with the first ethyl acetate layer. The combined ethyl acetate layers 
were washed with water (360 mL). Methanol (anhydrous, 533 ML) was added and the mixture warmed to 
+20°C as 28% aqueous NK*OH (18.0 mL) was added over a 15 minute period. Once crystallization was 
underway, the mixture was warmed to 45°C, aged for 15 minutes, then cooled to -10°C over a 2.5 hour pe- 
riod. After a 1 hour age, the product was filtered and washed with 3:1 ethyl acetate/methano! (338 ml 

30 EtOAc/112 mL MeOH, -10°C). The product was dried in vacuo whh a nitrogen purge at 30-35°C to give 
the titled compound of step (1d). 

(1 e) 6(R)-[2-[8(S)-(2^-dimethylbutyryloxy)-2(S),6(R)-dimethyl-1 ,2,6,7,8,8a(R)-hexahydro-1 (S)]ethyIJ- 
4(R)'hvdroxv-3A5.6-tetrahvdro-2H-pvran-2-one Lactonization 

35 

The crude ammonium salt of step 1 (d) (25.0 g, 52.35 mmole) was suspended in toluene (500 ml) and heat- 
ed at 100*0 under a constant sweep of nitrogen for 3.5 hours. 

The solution was cooled to 25°C and Darco KB (activated charcoal) (1.25 g) was added. The mixture 
was agitated at 25°C for 0.5 hour filtered through SuperCel (diatomaceous earth) and the filtrate con- 
40 centrated in vacuo to a volume of 50 ml maintaining an internal temperature of <40°C. Cyclohexane (300 
ml) was added and the mixture heated at reflux for 0.25 hour then cooled over 2 hours to 10-15°C and 
aged for 1 hour. The product was filtered and washed with cold cyclohexane (115 ml) then dried in vacuo at 
30-35°C to give the desired compound as a crystalline solid. 

45 Recrvstallfeation 

The lactonized product (20.0 g) was dissolved in methanol (240 ml) at 25°C under Na then filtered 
through a pad of Ecosorb-C (homogenous mixture of activated carbon on a fibrous support) (15 g) over 
0.25 hour. The Ecosorb-C was rinsed whh additional methanol (40 ml). The combined filtrate was heated 

50 to 35°C and water (90 ml) was added over 0.25 hour. The mixture was cooled gradually at a rate of 
5°C/0.25 hour until crystallization initiated. 

The mixture was aged for 0.5 hour then reheated to 40°C and the remaining water (190 ml) slowly added 
over 1 hour. The mixture was cooled to 15°C over 1.5 hour, aged for 1 hour, filtered and the product 
washed with methanoI:H 2 0 (1:1 v/v, 90 ml). The product was dried in vacuo at 30-35°C with a nitrogen 

55 purge to give the titled compound in pharmaceutically acceptable purity as white elongated rods. The ti- 
tled compound was identified by HPLC. 

EXAMPLES 2-4 

60 Following the procedure substantially as described in Example 1 but substituting for the Lovastatin 
used as starting material therein, approximately equimolar amounts of the compunds of structure (III) as 
described below there are prepared the 2,2-dimethylbutyrate products as listed below 
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Claims 

I. A process for the preparation of a compound of structural formula (V): 




(V) 

wherein: 
35 Ri is Ci-s alkyl: 

R' 2 is selected from the group consisting of H, CH3. OSi(Me)2t-C 4 H9 or <>feOSi(Me)2t-C4H 9 ; 
R3 is H or Ct-3 alkyl; 
R4 is C3-5 alkyi; 
Rs is C1-3 alkyl; and 

40 R'e is selected from the group consisting of H or OSi(Me)2tC 4 H 9 or CH20Si(Me) 2 tC4H 9 ; provided that 
at least one of R'2 or FTs is H; 

a, b and c each represent single bonds or one of a, b and £ represents a double bond or both a and c rep- 
resent double bonds; ~~ " 
which comprises: 

45 (A) treatment under an inert atmosphere of a compound of structural formula (III): 



50 



55 



60 




wherein 

R 2 is selected from the group consisting of H, CH 3 , -OH, or -CH 2 OH; 

Ra is selected from the group consisting of H or CH 2 OH; provided that at least one of R 2 or R 8 is H; 
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with an alkyl amine, R4NH2, followed by hydroxy! protection with tert-butyldimethylsilyi chloride and im- 
idazole; then 

(B) treatment with an alkali metal amide of formula 
M+N-RsR?; 

5 wherein M+ is a cation derived from sodium potassium or lithium, and 
F*6 and R7 are independently C1-3 alkyl, or 

R6 and R7 joined together with the nitrogen to which they are attached form a 5 or 6 membered hetero- 
cyclic ring; followed by contact with R5X, wherein X is chloro, bromo or iodo. 

2. The process of Claim 1 wherein Step (B) is conducted in an ethereal solvent, R5 is methyl and the 
1 0 contact with RsX is at a temperature of -30 to -1 0°C. 

3. The process of Claim 2 wherein the ethereal solvent is tetrahydrofuran, the alkyl amine is 
butyiamine, the alkali metal amide is lithium pyrrolidide; Rt is ethyl, R3 is methyl; and R' 2 is H, CH3 or 

. CH 2 OSi(Me)2tC4H 9 ; R'e is H t or CH z OSi(Me)2tC4H9; provided that at least one of R' 2 or R'e is H. 

4. The process of Claim 3 wherein a and c both represent double bonds. 

15 5. The process of Claim -4- wherein the compound of formula (V) prepared is selected from the group 
wherein: 

a. R'2 is CH 3 and R'e is H; or 

b. R'2 is CH 2 OSi(Me)2UCH 9 and R'e is H; or 

c. R'2 is H and R'e is CH 2 OSi(Me)2tC4H 9 . 

20 6. A process of Claim 3 further comprising the treatment of a compound of structure (V) with 

(C) acid in a polar solvent to remove the silyl protecting groups; then 

(D) treatment with dilute base to hydroiy2e the alkyl amide; then 

(E) heating of the carboxylate salt of the lactone in a hydrocarbon solvent; to form a compound of 
structure (VI): 

25 



30 



35 



40 




<V]> 



7. The process of Claim 6 wherein Step (C) the acid is hydrofluoric acid and the polar solvent is ace- 
tonitrile; and wherein Step (D) the dilute base is 2.0 N NaOH; and wherein Step (E) the carboxylate salt is 
heated at 100°C in toluene. 

45 8. The process of Claim 7 further comprising, after treatment with NaOH, contact with aqueous ammo- 
nia to form the ammonium salt of the lactone. 

9. The process of Claim 8 wherein a and c both represent double bonds. 

10. The process of Claim 9 wherein the compound prepared is selected from the group consisting of: 

(a) 6(RH2^8(S)-(2,2-dimethylbuty^ 

50 1{S)]ethyl]-4(R)-hydroxy-3A5,6-tetnahydro-2H-pyran-2-one; 

(b) 6(R)-[2-[8(S)-(2,2-dimemytbutyryloxy)-2(S)-methyl-6(R)-hydroxymethyi-1^ l 67 
dronaphthyl-1 (S))emyl}-4{R)-hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one. 

55 
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Revendications 



1 . Procede de preparation d'un compose de formule developpee (V): 



t-C 4 H 9 <r1e> 2 Si 




CONHR 4 

X>Si<tte> 2 i-C 4 H 9 





6 



(V) 



dans laquelle: 

Ri represents un groupe alkyle en C1-C5; 

R'2 est un groupe choisi parmi H, CH3, OSi(Me)2t-C*H9 ou CH20Si(Me)2t-C4H9; 
R3 represente un groupe H ou alkyle en C1-C3; 
R4 represente un groupe alkyle en C3-C5; 
Rs represente un groupe alkyle en Ct-Ca; et 

R'a est un groupe choisi parmi H, OSi(Me) 2 t-C4H9 ou CH20Si(Me) 2 t-C4H 9 » a condition qu'au moins 
un des groupes R'2 et R'a, represente un atome d'hydrogerte; 

a, h ©t c, represented chacun des liaisons simples, ou Tun parmi a, et £, represente une double 
liaison, ou a et c represented tous les deux des doubles liaisons; 
comprenanfc 

(A) le traitement sous une atmosphere inerte d'un compose de formule developpee (HI): 



dans laquelle: 

Ra represente un groupe choisi parmi H, CH3, -OH ou -CH2OH; 

Rb represente un groupe choisi parmi H ou -CH2OH, a condition qu'au moins un des groupes R 2 et Re, 
represente un atome dtiydrogene; 

avec une alkylamine R4NH2; puis la protection des groupes hydroxyie a I'aide de chlorure de tertbutyl- 
dimethylsilyle et d'imidazole; puis 

(B) le traitement avec un amidure de metal alcalin de formule M+N-RsR7, dans laquelle M* represente 
un cation derive du sodium, du potassium ou du lithium, et Re et R7 represented independamment un 
groupe alkyle en Cr-Cs, ou Rs et R7 torment ensemble avec I'atome d'azote auquel Its sont lies, un he- 
terocyde a 5 ou 6 chalnons; puis une mise en contact avec R5X, X representant un atome de chlore, 
de brome ou diode. 

2. Procede selon la revendication 1 , dans lequel I'etape (B) est effectuee dans un solvant ethere, R5 
represente un groupe m6thyle, et la mise en contact avec R5X, est effectuee a une temperature de -30 
a-10°C. 




6 



(111) 



10 



EP 0 299 656 B1 



3. Precede selon la revendication 2, dans (equel le solvant ethere, est le tetrahydrofuranne, Palkyl- 
amine, la butylamine, Pamidure de metal alcalln, le pyrrolidure de lithium; Ri represente un groupe ethyle, 
Ra un groupe methyle; et R'2 represente H, CH3 ou CH20St(Me)2t-C4H9; R'b represente H ou 
CH20Si(Me)2t-C4H9; a condition qu'au moins Tun des groupes R' 2 et R'b, represente un atome d'hydro- 

5 gene. 

4. Precede selon la revendication 3, dans lequel a et £ represented tous les deux des doubles 
liaisons. 

5. Procede selon la revendication 4, dans lequel le compose de formule (V) prepare, est choisi parmi 
le groupe dans lequel: 

10 a. R'2 represent© CH3, et R' 8 un atome d'hydrogene; ou 

b. R'2 represente CH20Si(Me)2t-C4H9, et R'b represente un atome d'hydrogene; ou 

c. R'2 represente un atome d'hydrogene, et R's un groupe CH20Si(Me)2*-C4H9. 

6. Procede selon la revendication 3. comprenant en outre le traitement d'un compose de structure (V), 
avec: 

15 (C) un acide dans un solvant polaire afin d'eliminer les groupes sflyie protecteurs; puis 

(D) le traitement avec une base diluee, afin d'hydrolyser Palkyl amide; puis 

(E) le chauffage du carboxylate salifie* derive de la lactone, dans un servant hydrocarbone, afin de 
former un compose de structure (VI): 



20 



25 



30 




35 

7. Procede selon la revendication 6, dans Petape (C) duquel Pacide est I'acide fluorhydrique, et le sol- 
vant polaire est Pacetonitrile; dans Petape (D) duquel, la base diluee est NaOH 2,0 N; et dans Petape (E) 
duquel, le carboxylate saJifie, est chauffe a 100°C dans le toluene. 

8. Procede selon la revendication 7, comprenant en outre, apres le traitement avec NaOH, la mlse en 
40 contact avec de P ammoniac aqueux afin de former le set cf ammonium de la lactone. 

9. Procede selon la revendication 8, dans lequel a et £ represented tous les deux des doubles 
liaisons. 

10. Procede selon la revendication 9, dans lequel le compose prepare, est choisi parmi: 

(a) la 6R-[2-[8(S)-{2 f 2-dimethylbutyryloxy)2(S), 6(R)Kfimethyl-1.2 ( 6,7,8,8a(R)-hexahydronaphtyl- 
45 1 (S)]ethyl]^(R)-hyo^oxy-3,4 f 5 r 6-t6trahyo^o-2H-pyrari-2-one; 

(b) la 6R-[2-[8(S)-(2,2<limetoylburyryloxy)2^ 

dronaphtyl- 1 (S)Jethyn-4(R)-hydroxy-3,4,5,6-t6trahydro-2Hi3yran-2-one. 
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Patentanspruche 



1. Verfahren zur Herstellung einer Verbindung der Strukturformel (V) 



i-c 4 H 9 <rt € > 8 si 




>C0NHR 4 

.0$i<tte> 2 t-C 4 fi 




B 



(V) 



worin 



Ri Ct-s-VUkyl tst; 

R'2 aus der aus H, CH 3 , OSi(Me)2t-C4H 9 oder CH 2 OSI(Me)2t-C 4 H9 bestehenden Gruppe ausge- 
wahtt ist; 

R3 H oder Ci-3-AIkyl ist; 
FU C 3 -5-AIky! Ist; 
Rs Ci-s-Aikyi ist; und 

R'e aus der aus H oder OSi(Me)2t-C4H9 oder CH 2 OSi(Me)2t--C4H9 bestehenden Gruppe ausge- 
wahft ist; mit der MaBgabe, daB wenigstens eines aus R' 2 oder R'e H ist; 

a, und c Jeweils Hnfachbindungen darstelien oder eines aus a, b und c eine Doppelbindung darstellt 
oder 3 und c beide Doppeibindungen darstelien; durch 

(A) Behandeln einer Verbindung der Strukturfonnel (III) unter einer inerten Atmosphere 



worin R2 aus der aus H, CH3, -OH oder -CH 2 OH bestehenden Gruppe ausgewahtt 1st; Rs aus der aus 
H oder CH2OH bestehenden Gruppe ausgewaM ist; mit der MaBgabe, daB wenigstens eines von R 2 
Oder Re H 1st; mit einem Alkylamin R4NH 2f gefolgt vom Schutz des Hydroxyls mit tert-Butyldimethylsi- 
lyfchforid und Imfdazo! danach 

(B) Behandeln mit einem Alkalimetall mit der Formel M+N-ReR?; worin M+ ein von Natrium, Kalium oder 
Lithium abgeleitetes Kation ist und R 6 und R 7 unabhangig d-3-Alkyl sind oder R 6 und R 7 mit dem Stick- 
stoff, an den sie gebunden sind, einen 6- oder 6-gliedrigen heterocyclischen Ring bilden; gefolgt von 
Kontakt mit R5X, worin X Chlor, Brom oder Jod ist 

2. Verfahren nach Anspruch 1, worin Schritt (B) in einem etherischen Ldsungsmtttel durchgefuhrt 
wird, R 5 Methyl Ist und der Kontakt mit R5X bei einer Temperatur von -30 bis -1 0°C stattfindet 

3. Verfahren nach Anspruch 2, worin das etherische Ldsungsmtttel Tetrahydrofuran ist. das Alkyla- 
min Butylamin 1st, das Alkalimetallamid Uthiumpyrrolidin ist, Fh Ethyl ist, R3 Methyl ist und R' 2 H, CH3 
oder CH20Si(Me) 2 t-C4H9 1st, Ff 8 H oder CH 2 OSi(Me) 2 t-C4H 9 ist; mit der MaBgabe, daB wenigstens 
eines von R'2 oder R's H ist. 




B 



(III) 
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4. Verfahren nach Anspruch 3, worin s und c beide Doppelbindungen darstetlen. 

5. Verfahren nach Anspruch 4, worin die hergestelfte Verbindung der Formel (V) aus der Gruppe 
ausgewahlt ist worin 

a. R'2 CH3 ist und R'e H ist; oder 
5 b. R' 2 CH20Si(Me)2t-C4H9 ist und R' 8 H ist; oder 
a R'2 H ist und R'e CH 2 OSi(Me)2t-C*H9 ist. 

6. Verfahren nach Anspruch 3, welches weiterhin die Behandlung einer Verbindung der Struktur (V) 
mit 

(C) Saure in einem polaren Losungsrnittel zur Entfemung der Sityischutzgruppen; danach 
10 (D) Behandeln mit verdunnter Base zum Hydrolisieren des Aikylamids; danach 

(E) Erhltzen des Carboxylatsalzes des Lactons in einem Kohlenwasserstoffiasungsmrttel unter Bil- 
dung einer Verbindung der Struktur (VI) umfaBt: 



15 



20 



25 




30 7. Verfahren nach Anspruch 6, worin in Schritt (C) die Saure Ruorwasserstoffsaure ist und das pola- 
re LosungsmHtel Acetonilril; und worin in Schritt (D) die verdunnte Base 2,0 N NaOH ist, und worin in 
Schritt (E) das Carboxylatsalz auf 10O°C in Toluol erhhzt wird. 

8. Verfahren nach Anspruch 7, welches weiterhin, nach der Behandlung mit NaOH, den Korrtakt mit 
waBrigem Arrtoniak unter BHdung des Ammoniumsalzes des Lactons umfaBt 
35 9. Verfahren nach Anspruch 8, worin a und c beide Doppelbindungen darstellen. 
10. Verfahren nach Anspruch 9, worin die hergestelfte Verbindung aus der aus 

(a) 6(RH2-[8(S)-(2 r 2-Dimethylburyrytoxy)'2(S) t 6(R)-dimethyl-1,2 f 6,7,8,8a(R)-hexahydronaphthyl- 
1{S)Jeth^^(R^hydroxy-3,4,5,6-tetrahydo-2H^ran-2*on; 

(b) 6(RM2-[8(S)-(2,2-Dimethyibutyr^ 

40 dronaphthyf-1(S)]ethylH{R)-hydroxy-3,4,5,6^etrahyo^ bestehenden Gruppe aus- 

gewahlt ist 
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